Possible alternatives include a dynamo sustained by electrical currents driven by temperature variations along an uneven coremantle boundary (9) or an entirely fossil magnetic field in an outer shell whose thickness varies with insolation as functions of latitude and longitude (10) . Distinguishing among models requires measurement of the geometry of Mercury's field, particularly the nondipole components.
The evidence for a liquid outer core on Mercury and the specific value of the forced libration amplitude (3), inversely proportional to the moment of inertia of Mercury's mantle and crust (4) , provide important new constraints on models for Mercury's thermal history and bulk composition. From these observations we know that a light element alloyed with iron is necessary to prevent the outer core from freezing completely during Mercury's lifetime. A core sulfur content of several percent, for instance, would maintain a fluid outer core to the present and yet permit the solidification of an inner core that would release energy or chemical buoyancy to stir a convective core dynamo (11). Mercury's bulk composition had previously been constrained only by its mean density. The new determination of the moment of inertia of the planet's solid outer shell (3) should narrow somewhat the constraints on the average density of that shell and on core radius, but these constraints will improve substantially when the gravitational field of the planet is better determined.
No spacecraft has visited Mercury since the Mariner 10 flybys, but that status is about to change. NASA's MESSENGER spacecraft (12) will fly by Mercury three times, the first next January, before achieving orbit about the planet in 2011. About 2 years later, the European Space Agency and the Japan Aerospace Exploration Agency will launch the BepiColombo mission to insert two spacecraft into coplanar Mercury orbits in 2019 (13) . The latest discovery from Earth-based radar has whetted the appetites of the planetary science community for these two missions.
ffective photosynthesis requires the efficient transfer of electrons across biomembranes (1) . Yet, many aspects of how protein structure and dynamics control electron transfer-especially in the early stages of photosynthesis-remain only partly understood. On page 747 of this issue, Wang et al. (2) investigate the rate of the initial photosynthetic electron-transfer reaction in wild-type and mutant photosynthetic reaction centers of Rhodobacter sphaeroides. By combining their data with modeling of protein conformational changes in the photosynthetic reaction center, the authors show that protein motions modulate the electrontransfer rate.
The electron donor in the initial electrontransfer reaction of bacterial photosynthesis is a special pair of chlorophylls. When the latter are photoexcited, an electron transfers through a bridging chlorophyll to a pheophytin acceptor within 2 ps (1 ps = 10 -12 s) (see the figure) . Experimental studies of this process have focused on understanding the speed and high efficiency of the reaction (an electron is transferred for each photon absorbed) (1) . Conventional electron-transfer theory does not fully describe this kind of electron-transfer reaction, because the theory assumes that electron transfer is slow compared to the relaxation of the medium (protein and chromophore), and the medium is therefore assumed to be equilibrated before the electron-transfer step. The protein motion in the initial photosynthetic reaction, however, cannot keep up with the pace of charge separation.
The study of Wang et al. indicates that a model for electron transfer controlled by slow atomic motion, the Sumi-Marcus model (3), produces a satisfactory description of the initial photosynthetic electrontransfer kinetics (2) . The Sumi-Marcus model assumes that electron transfer is affected both by fast atomic motions q of the medium that are equilibrated before the electron-transfer step, and by motions X that are slow on the electron-transfer time scale. X modulate the speed of electron transfer. This model is similar in spirit to descriptions of ligand binding to heme proteins, which are also understood in the context of the slow interchange among protein substates (4).
Wang et al. use the absorption spectra of the protein's 39 tryptophan residues to track the medium's response to photoexcitation and initial photosynthetic electron transfer. The spectra are essentially identical in the wild type and in the 14 mutants, with electron-transfer times varying from 2 to tens of ps. Therefore, the protein motion that is tracked by the spectra is not affected by the rate of electron flow. Further, the time evolution of the absorption spectra is multiexponential, with time constants (3, 10, and 190 ps) that are similar to or longer than the time scales of electron transfer.
The authors find that the Sumi-Marcus model describes the observed electrontransfer kinetics if the diffusion constant for the slow coordinate X in the model is derived from the time evolution of the tryptophan absorption. The fit predicts changes in reaction free energy (∆G) values that Slow motions of proteins modulate electrontransfer rates during the early stages of photosynthesis.
are consistent with independent thermodynamic data for the mutants, a surprising result given the wide range of electrontransfer rates observed.
It is remarkable that changes in the tryptophan absorption spectra can track reorganizations in the electron-transfer medium that modulate the electron-transfer rate. These reorganizations are not the response of the protein to the arrival of the electron at the pheophytin. Rather, they are probably the protein's response to electron density changes in the donor special pair and the bridging chlorophyll upon photoexcitation. Indeed, the slowness of the protein dynamics on the electron-transfer time scale helps to explain the multiexponential nature of the initial photosynthetic electron-transfer kinetics.
Is the nature of the protein relaxation important for photosynthetic reaction center function? Wang et al. suggest that the slow protein dynamics discussed above may help to overcome reaction barriers produced by membrane potentials or by environmental factors that perturb the photosynthetic reaction center and potentially slow down the electron-transfer rate. Thus, protein motion could overcome reaction barriers produced by cellular factors that might otherwise perturb the electron-transfer kinetics.
The prediction by Wang et al. that slow protein motion modulates electron transfer and generates multiexponential kinetics in the photosynthetic reaction centers should encourage further single-protein studies of biological electron transfer similar to those reported in (5) . The emerging physical picture for the photosynthetic reaction center suggests that the temperature dependence for electron transfer should be complex, because temperature variation will change the diffusion among protein substates as well as the access to the activated complex for any given substate. The relation between tryptophan absorption changes and protein reorganizations that affect electron transfer suggests the use of tryptophan transient absorption spectra as a further probe of protein reorganizations linked to protein function. The experimental data reported by Wang et al. also encourage renewed theoretical attention to the early events in photosynthesis. Models that include quantized nuclear dynamics seem particularly important, because high-frequency quantum modes influence fast electron transfer, producing nonexponential kinetics and unusual temperature dependence (6) .
The influence of biomolecular dynamics on electron-transfer rates is not limited to the regime of ultrafast electron-transfer reactions. Recent studies of nonadiabatic electron transfer over long distances show that protein motion also modulates the donor-acceptor electronic coupling interactions (7) (8) (9) . Furthermore, the internal motions of electron-transfer macromolecules may also change the reaction mechanism from single-step electron tunneling to multistep hopping, a transition that is of great interest and importance-and of some mystery-in the fields of bioenergetics and of DNA damage and repair (10) . (2) to the electron-transfer step shown in the left panel. The parabolas describe the energy of the electron-transfer system as a function of the motions q for the initial state of the system before photoexcitation (black), the photoexcited state before electron transfer (blue), and the final charge-separated state (red).The slow motion X shifts the photoexcited energy surface, thus modulating the speed of the electron-transfer step (horizontal arrows). The colors for the photoexcited and charge-separated energy surfaces correspond to the colors for the electron donor and acceptor moieties in the left panel.
